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Abstract Embryonic development of the osmeteria was studied in Byasa 
(Atrophaneura) alcinous alcinous KLUG and Papilio protenor demetrius CRAMER 
(Lepidoptera, Papilionidae). Although B. (A.) alcinous and P. protenor belong to 
different genera, osmeterial formation is the same in both cases. After revolution of 
the embryo a pair of rudiments of osmeteria is formed on the dorsal wall of its 
prothoracic segment. Each rudiment then invaginates into the segment, and becomes 
subdivided into future gland and sac. During the embryogenesis the former 
differentiates into an ellipsoidal gland with a central cavity and the latter becomes a 
large protrusible sac. Early osmeterial development, either in B. alcinous or in P. 
protenor, is the same as that was previously observed in other species of Papilionidae. 
But later development of osmeteria differs from what had been described for 
Parnassius glacialis BUTLER and Luehdorfia japonica LEECH. 


Introduction 


In two previous papers (KOBAYASHI and TANAKA, 1981; TANAKA et al., 1983), 
the embryonic development of osmeteria was respectively described for Luehdorfia 
japonica LEECH, Parnassius glacialis BUTLER and Papilio machaon hippocrates C. et R. 
FELDER. Osmeterial formation was shown to be essentially the same in early 
development of the three species. But the later shapes of osmeterial glands, in the full 
grown embryos, turned out to be very different according to investigated species or 
genera. As far as the author is aware, no paper concerning these subjects has been 
published since the publication of the two reports. 

The present study deals with embryonic development of osmeteria in Byasa 
(Atrophaneura) alcinous alcinous KLUG and Papilio protenor demetrius CRAMER. 


Materials and Methods 


The eggs of Byasa (Atrophaneura) alcinous alcinous KLUG and Papilio protenor 
demetrius CRAMER were obtained from females that were captured in Gifu Prefecture, 
during June - August in 1982 and 1983. 

Freshly laid eggs of alcinous were kept at about 30°C with 95-100% relative 
humidity and those of demetrius ambient temperature and humidity in the laboratory. 
The eggs at various ages were fixed in Carnoy’s fluid, for 30 - 40 minutes, or alcoholic 
Bouin’s fluid, for 60 minutes. After fixation, the chorion was removed, and the eggs 
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were dehydrated and embedded in paraffin. Sections were cut 8 wm thick and stained 
with Delafield’s haematoxylin and eosin. 


Observations 


The duration of the developmental period from oviposition to hatching was of 
about 4. 5 days (at 30°C) for Byasa (Atrophaneura) alcinous alcinous and 6 days (at room 
temperature) for Papilio protenor demetrius. Table 1 shows the gross chronology of 
embryonic development of alcinous. 


Table 1. Timetable of the embryonic development of Byasa (Atrophaneura) alcinous alcinous at 
about 30° with 95-100% relative humidity. 








apma State of development 
age of egg 
0-10 hr Maturation, fertilization and cleavage; formation of blastoderm. 

0.5 days Formation of germ band and inner layer; segmentation of germ 
band. 

l1 day Early embryo with appendages; formation of stomodaeum and 
proctodaeum; most elongated embryo. 

1.5 days Segmentation of gnathal and thoracic appendages. 

2 days Formation of cephalic ectodermal invaginations and invagina- 
tion of spiracles. 

2.5 days Revolution of the embryo. 

3 days Embryonic moulting. 

3.5 days Formation of setae and pigmentation of head. 

4 days Completion of full grown embryo; hatching. 








At about 2. 5 days after oviposition in alcinous and about 3 days in demetrius, the 
embryos undergo revolution. After revolution a pair of rudiments of osmeteria, which 
consists of the anterior and posterior folds, appears on the anterodorsal wall of the 
prothoracic segment, as was already observed in the embryos of Luehdorfia, Parnassius 
and Papilio (KOBAYASHI and TANAKA, 1981 ; TANAKA et al., 1983). The anterior fold 
is smaller and thinner than the posterior one. The former is the rudiment of the 
protrusible sac and the latter that of the ellipsoid gland. 

Then a groove begins to invaginate caudad between the rudiments of sac and 
gland, and finally the whole osmeterial anlage sinks into the segment. At this time the 
osmeterium shows a sac-like structure with a basal opening and its dorsal wall is very 
thick (Fig. 2). Thus the manner of osmeterium formation is quite the same in both 
species, but the size of osmeterial rudiments is smaller in alcinous than demetrius. 

As development progresses, the rudimentary osmeteria grow larger, and the gland 
gains thickness. In alcinous, shortly before the embryonic moulting, at about 70 hr 
after oviposition, the rudiments of osmeteria are situated beneath the anterodorsal 
wall of the prothoracic segment. Now the rudiment of the gland is easily distinguished 
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from that of the protrusible sac which covers its ventral side (Fig. 3). 
In alcinous, at the time of embryonic moulting, 75 hr after oviposition, the glands 
are lens-shaped, about 145 wm long, 95 wm wide and 55 wm thick, with nuclei in an 


























Figs. 1-6. Formation of the osmeterium in B. (A.) alcinous alcinous. 1. Longitudinal section of 
about 3-day-old embryo; 2. Longitudinal section through prothorax, before embryonic 
moulting ; 3. Cross section through prothorax at slightly later stage; 4. Longitudinal 
section through prothorax, after embryonic moulting ; 5. Longitudinal section through 
prothorax, shortly before hatching ; 6. Cross section through prothorax of newly hatched 
first instar larva. BR: brain, ED: epidermis, FG: fore-gut, FGN : frontal ganglion, 
MV: microvilli of glandular cells, NG: nucleus of glandular cell, OS: opening of sac, PS: 
protrusible sac, RG: rudimentary gland, RO: rudimentary osmeterium, RS: rudimentary 
protrusible sac, SOG: suboesophageal ganglion. Scale lines=50 um. 
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Figs. 7-12. Formation of the osmeterium in Papilio protenor demetrius. 7. Cross section through 
prothorax at embryonic moulting stage ; 8-9. Longitudinal sections through prothorax, at 
same stage; 10. Cross section of rudimentary osmeterium after embryonic moulting stage ; 
11. Cross section of rudimentary osmeterium shortly before hatching; 12. Longitudinal 
sections through prothorax of newly hatched first instar larva. CPG: cytoplasmic 
projection of glandular cell, ED: epidermis, EG: ellipsoid gland, FG: fore-gut, MV: 
microvilli, OS: opening of osmeterium, RG: rudimentary gland, RS: rudimentary sac. 
Scale lines=50 wm, (7, 8, 12); 30 wm, (9-11). 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Embryonic Development of Osmeteria in Byasa alcinous and Papilio protenor 65 


array of 2-3 layers, their margin being connected with the protrusible sac composed 
of a single cell layer. At this stage the glands of demetrius are also lens-shaped, about 
18512570 um in size (Figs. 7, 8). In both species, each gland cell is columnar in 
shape, and has a large amount of cytoplasm and a large nucleus located at the outer 
part of the cell (Fig. 9). 

After embryonic moulting the gland enlarges and becomes cup-shaped with a 
lumen at the center of it, about 160 x 80 X60 um in size of the gland in alcinous (Figs. 
1, 4) and about.240 X90 70 um in demetrius. In both species, the wall of the gland is 
uniformly thick, about 30 um, and is composed of large, columnar, typical glandular 
cells. Consequently the gland appears C-shaped in cross section and it consists of 17 
-20 cells in alcinous, and 20 -24 in demetrius (Fig. 10). The rudiment of the protrusible 
sac is complexly folded beneath the gland (Fig. 10). 

At the stage of fully grown embryo, about 4 days after oviposition in alcinous and 
5. 5 days in demetrius, a pair of osmeteria is located bilaterally in the prothoracic 
segment. The gland is an elongated ellipsoid whose lumen opens into the protrusible 
sac on its ventral side. The length of the gland is 270 wm in alcinous and 450 um in 
demetrius. 

Shortly before hatching, because of the cytoplasmic constriction of glandular cells, 
many projections are formed towards the lumen of ellipsoidal gland (Fig. 11). Then the 
interior surface of glandular cells develops into a rough structure, with numerous 
microvilli clearly discernible (Figs. 5, 6, 12). 

Thus the osmeteria of alcinous and demetrius embryos are completely formed 
before hatching of the larva. In spite of their belonging to different genera, formation 
of osmetirium these two species proceeds in the same way closely resembling that of 
P. machaon hippocrates (TANAKA et al., 1983). 


Discussion 


The early stages of osmeterium formation in Byasa alcinous alcinous and Papilio 
protenor demetrius are quite similar to those that have already been described for 
several other species of Papilionidae. But later development of osmeterial gland in 
these two species greatly differs from what was observed in Luehdorfia (KOBAYASHI 
and TANAKA, 1981) and Parnassius (TANAKA et al., 1983). 

The studies of papilionid embryos (upto now made with five species, belonging to 
four genera) have disclosed three types of formation of osmetirium: 

Type 1. The rudimentary gland develops into a small, cone-shaped 
osmeterial gland — Parnassius glacialis (TANAKA et al., 1983). 

Type 2. The rudimentary gland develops into a large, closed ellipsoidal 
gland whose anterior region connects with the protrusible sac by a stalk 
— Luehdorfia japonica (KOBAYASHI and TANAKA, 1981). 

Type 3. The rudimentary gland develops into a large, unclosed ellipsoidal 
gland whose ventral side connects with the protrusible sac without any 
stalk — Papilio machaon hippocrates (TANAKA et al., 1983; P. 
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protenor demetrius and Byasa (Atrophaneura) alcinous alcinous (present 
study)). 

Thus, the size and structure of embryonic osmeteria in Papilionidae may vary in 
different species or genera. The osmeterial glands of Parnassius glacialis, conceivably 
a primitive species, are smaller and simpler than those of other species or genera, while 
those of B. (A.) alcinous alcinous, P. protenor demetrius and P. machaon hippocrates, 
which are presumably more specialized systematically, are larger than those in 
Parnassius and Luehdorfia, and show a complex structure. 
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#5 = 
Ler aaTTPrktPaTFrORFPCRAAZAAORE (BFE) 


WER BEOS er 297 TAEDPATTAOBRFMCROSARORBECOU CMA. 

Lx tT PREP ATHAUEUORBCMET OA, AROMBOAERIALEA ER CHS. vx 
297 PCIE FRM 2.58 GH 30COBRBE) T, Ze 77-TCHRH3H (8 ATAD) T, AB 
FRETA. RFORRE, FRO PRO REC CORRO RARESA 1 HEREN, RÆKKE 
ICP ARIOARBAMATS. MALKEBROREO BE (RE) AORE SZALLT RIRET OD, 
Sy WR (ellipsoid gland) DR#ic7e A. wH, EE GIE) RoW Wits (protrusible sac) ORB & 
kA. BEDEDICONT, MERKEL HI, PACAMICAZMLAT SH ellipsoid gland (7&4. RA 
IHE £ te > TREL, ellipsoid gland ZBA CAMA HT protrusible sac ÉRT A. 

Ye aT Treg asyTPrORFMCRY 4 ARR O MMO REIS AE CCASHN TC Sho 
DoDOLMUCCHAAD, ROBE BBLV RASY na PFT a VOR LIBR CWS. 
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